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(54) COMPOUND SEMICONDUCTOR DEVICE 

(57)Abstract: 

PURPOSE: To quickly form a flat film by containing 
magnesium or zinc with a specific concentration for 
quickening the migration of a semiconductor film from 
three-dimensional growth to two-dimensional growth. 
CONSTITUTION: In n-type nitride compound 
semiconductor crystal film where Si is added, the 
migration from three-dimensional growth to two- 
dimensional growth is slow. However, by adding 
magnesium simultaneously, the migration from the 
three-dimensional growth to the two-dimensional growth 
occurs relatively quickly, namely when the film thickness 
is thin. By adding magnesium, a flat thin film can be 
formed quickly. However, since magnesium is originally 
an impurity of acceptor property originally, its excessive 
addition prevents n^type crystal. The range of impurity 
concentration for achieving effect is 1 x 1015cm-3-1 x 
1017cm-3 in magnesium and 1 x 1015cm-3-1 x 1017cm- 
3 in zinc. Buffer layer 22, n^type GaN layer 23, and n- 
type InGaN layer 24 are formed on Sapphire substrate 

21. The addition of Zn helps a flat thin film to grow and a flat thin film can be formed quickly, 
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[8S#«l] «WE«RK3t«F**i5J:5K 

1 X 1 Ol5 C m _3 ~l X l O"cm' 3 (0?^v/|> 
M.mL<\±l X 1 0 15 cm-3~l X 1 0 17 cm-3cDE& 

SrJWBU MC^VMt^. *©SB»a?Lft 
ffi*5fc*. 1 X 1 0 16 c m _ 3~5 X 1 O^cm -3 ©^ 
1 X 1 0l 8 cm-3~l X 1 020 cm -3oS6|g, IX 
1 0 16 cm _ 3~l X 1 Ol8cm-3<D-feWV. SgL<ttl 
X 1 0 16 c m"3~ 1 X 1 0 18 c m^(Ommtttl Z 

[ffi#* 3] tMSCfc* tteStt££tt£ti.SJ:9K 
MlJ*ftfcJ:9»»atS*t, iov^*f ^AfrWM- 
5, pS*L<liiSl©*^*fc*»*»&ftS¥»* 

-f5fc«K 1 X 1 0l6 cm -3~8 x l Ol7 cm -3 ro ^3g 
***** £ t *Wfc*5fl:£*¥SM«». 
IM**4] fflEtt»cSJ«**ve.oXV* 
tai**vfc*lRt«|!2iN»(rtlSrA«U mi^» 
*R#«lJiWfc* DMJhfcnSfU {4 i 

immtitm* 6ft 9 , ffnasg 2 ¥»#Ras v ^ * * 

****** pffl»L< i± i &*>Rfc«R<bMfeA*6ft 
9, ttEftl¥RttR#. RCR 2 
*V*A©ttR*rH>Jh*$fc»!>» 3X1 Ol8cm-3~l 
Xlo20cm-3©*JH«^r*+5Cfc*W»fci-6ft«- jo 

[8t#«5] R&l&RftRRat. **#*flS*Xfl:** 
*» 6 ft 9 l/3ttESRfc£* $ Jxfc&ft 9 A *- K ** 

fto**(tttfc**ft5 r h *&mt: **»#* 1 75s 

[!S*^6] IWE«ft«>iMKMO***» GaN, I 
nGaN. I n G a A l N*»6ft 5Sfc4»6)Ift$ftfctt 
£M> 6 ft * r £ *#SS £ * * « # Jg 5 CGfcofc*«¥ . 

mm®. 

[000 1] 

fcSffcfcJRroft^ft^W^ftSfl:*******^ 
B8U 4»fc, {fc*fe¥$f*383fcgRlc88**„ 
[0002] 

fflroTOt LT, -jR^BA l Ga I nNT'Jlfr;**!, 
ffltfc»JtyW*-Ki LT*n6*rC^*fc©li, MI bo 
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S (Metal — Insulator — Semi con 
ductot) *&©*>©•?*>*. roipftMi SS! 
V&tit***- bit. nfHtEW«. *3t3ft«'bP 

*££*)** £fc©-o£ fC, pn&*£!K**i:^ 

[000 3] ±BWHJRHt, ±t LT*«&R*58fifcg 
ft (SKT. MOCVDffi) If **^-tfc (M 

BES) lcfc9, f-7r-rrSfe±ic^$ti,Tv^. 

r©#feUR6*Rfl^Wb**¥**fctt. «*ftFn1 
Sjfctfife*, 
[0 0 0 4] 

HMWRfcL J: P i*5SUeI] g{tte3Mb£&¥i!l# 

MOCVD&*MBEifeiV>ofc#SRStt«8*ffl 
v^fci^Sfifefi-Cli, **Rft*Sfcoe&A*##j&$ 
ft, fttttetttfftft ( 3 J^Tcfifeft) U *©««»© 
ttMfrfrL¥«IU:ft9» **K*©R4*iMM*#l«H=. 
Aft (2»:7cfifcft) i-5fcv»5i»trtt5. #388*6 
LTfflV^T»fi**«rfTftofci 

ttftlwRA LTW.CVH K-7"R^-r > 

9 A* Ufc p MR £ tt« LT 3 &5Ej&ftri> 6 2 & 
tEAS^t**^*** < , i M ml^TOJ?^ *** 
*»KK^TI4#l;:¥fiR##6;h,lc< v> t ^ 5 PpI^ 

[0 0 0 5] 2§ai±r©J:5^LTT , tfcfeBl*RIC 
B*5HRjft-e*6. HRl-*flSlB3Rft;A«iMI#-C 

ioTftttSJx, 3lTJ-0*»9au»*!»»filW-6. w 
roi 5ft«ffi7Lfca»5#ftfc LTI±^PBS4 9 - 2 
9 7 70|C|Ett$nX^5J:5l-, Siff&W-WV&TC 
*#WIC|C|4» (P) ^fitig (As) ^fflV^Sit 

**pfeftTv^5. L*»tft*b, «*.«aft3»y C'A 

(GaN) fcr©±3ft^*«r»anL*:ii£-fc*5VvC 
14, GaNJ:9 ttffft^y (GaP) *V^tt»flS^ 
(G a A s) O^i^/^-iF+i/^SfK 

[0 0 0 6] 3#Bt>ttAOAffO|R|jlA-C«>S. 
^^Al-ii^fflV^ifCVSS i^GaAsi^o 
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©8144 9, *#&£©B3;W*e>ft4v\ r©rt*, r 

* b v > < o £x y f- V 3 &® # 

[000 7] 4#BJ4»fi*ft»0**}gBfcimtH , t 

5Rgjg-efc5^^<oa:«-efc5. #£9!©*tfc-t-;fc5 
fcJh*oTV*5£*tra*ft5*IWiMH*U $*© 

[00 08] _b5Bco«t 5 »c, CflM»ft«ttiN»Mlic 
[0009] *»Wii»±oiBHifiildt*tft*iifct) 

[0 0 10] 

[S6JS£#fc1-5fc*©#ia:] #38iE©Jg 1 ©££!£# 

R*m#mK *©3*5Ei«*^6 2ft5Gl*ft^0>»*T 
£?-«>5fc«K lX10l5 C m-3~lX10l 7 cm-3© 
v^y^KBlx 1 0 15 C m-3~l X io»c 

[ooii] 4ttnoft2ettAKffSfl:M¥*flcK 
ftK.J:9»J*SJifc, BftftSfc4ftft*bftS*MlftK 

fcfe. 1 X 1 0 16 cm-3~5 X 1 Ol7 C m-3(D^5g. 1 
X 1 Ol8 C m-3~l X 1 O20cm-3£>8£9tl, 1X10 16 
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cm- 3 ~lX10 18 cm _ 3©tU^ fKttlXlO 
16 c m"3~ 1 X l 0 18 c m-3©BB*£*j"f .£ ZkZft 

[ooi 2] *»9!©S&3©»&lcffi3{b£te¥*ft£ 
fill, l!trfeg«lc$#3tL3 4?lc«ffij£ 

1 X 1 0 16 c m"3~ 8 X 1 0 17 c m-3©^**^ 
[0 0 13] *&n©£4a9A£ffiSft^¥«*£ 

BfijftftfcJ: 0HMt3iifcn9*L< 14 i 9©i£fl;fci5fc 

B»l¥W{fflW*'» 2 feo-r*'*^* 
J>©&t&£BSit1-5;fc*\ 3 x l o «c m"3~ l x l o 
20c m-3©7k*&^rl-5 r t twtti-s. 

20 [0014] #5§W©m 5 09jftCttSfc4ft¥tttt8 

fitt, *HW©m 1 4 ©m^rofk^^W^Sgfi© 
v^n*Mc*sv^T, fltrS^*i*KBj6s, 5fc*asS{kti£ 

[0015] *i8M©» 6 ff>&M.\z&z{t&&*mm 

T, ffiGftftejFWfrltn****. GaN, InGa 
N, I nGaAl N*»e>45»^Cjil«$iXfctt14A>fc 

[0 0 16] *3W!©»*lijE*fcJ:o-C, *©*f*i: 

&tfBfe©* , /i—7\ IS}*, gfig, irUVRUqfcfl©^ 
SB* *B©4 0|C#(7feft5. 
[00 17] 41", ■e^**"7Afttfffi&©*Ow-'7|;: 

ov>TiftW-T5 0 r*vb©5cBii$Si©l8IB&-e*>5/& 
3»*rfT*ofc»*, S i «r»iOL7tn9SiH^l^{b^ 

**» 6 2 ftjcrtfi^o^rri W ^ j/ ^ A iSrSsiD L ft ^ 

*»L4*5fc. -v^v^-Mt^T^-fe^-tt©^ 
^-C*5fc*. **lc»»P-f5£tl4n®i^ a l©^Sr 
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X 1 Ol5cm-3~l X 1 Ol 7 cm-3-Cfc5ri*5!j9j^L 

»*a*3Ualx5»*l5Htt 1 x i o 15 c m -3~ ixio 

[0 0 18J fclc, tK3R. "few, ftUWjtO^ 
A— rjt&©55*f4J|S2©|HHjK 

fc, ±j£Lfc4Sg<0**E&7c£l4**igA\ it&WS 

-ess. -#■> rHe><o^te«iSrjaiJicayjD-f5wtii 

-5, 0SSfei4 1 X 1 0 16 c m _ 3~ 5 X 1 0 I 7 c m -3 , & 
3dt?lil X 1 Ol 8 cm _ 3~l X 1 o20 cm -3, -trWi/f 
141 X 1 0 16 cm -3 ~l X 1 0 18 cm _ 3, fifcSSl X 1 0 
16cm-3~l X 1 Ol8 C m-3-Cfo?,rt/4S*fJ^Lfc. . 
[ooi 9] JR sic. 3i5lfirov>-crai-5. Z.<r>7i% 

* •> * a **» l fca«o p H»k**fl:«*iNM«S 

fc. L*»U rftlC3i#Sr<S*SsJDLfcirS. i y f so 
v^jPSAtcfTftitS C h VWW Lit. LfrU£tft>. 

fl*6#l»«:fT*ofc**. pS^rojgfiitSriaS-t- 

HI4, 1 X 1 0 l 6 c m"3~ 8 X 1 0 17 c m -3(03i^-efo 

[0 0 2 0] **KoV>T»Wi-5. »g±C 

MLfcniGaNiiv^v'^ (Mg) SrgsiDL 
fcpfflGaNJii:3i»bft5pn»g-«iJCOfc»T#* «o 

fc*M6JI*ttLfci:w£, Mgl4pS*ri»&n®*Hfc 
S*A»6nSS~©Mg<Dft«l4#y£Cfc.V\ l r<7)J; 



5 

*»Mi"6ri:*-C#5**«*0«Bttl-x 1 0 l»c 
m"3~l X 1 0 20 C m-3xfc5ri:iS*IJWUfc o 
[0 0 2 1] 

(« 1 (DUlfecD^Sg) 0 1 I4#3§93©ffl l eUlfeojgjB 
icfli 5«#^>f *— K 1 0 ©»rffiSr*f . 

[0022] mytyjj—vi 014, ij-7t^ts«i 

1**UT*5!3. W7r-f7S«l'l(0-iIll 

7*1 2 A? 5 0nm<Og£-CJ&j£S*l-CV*5. 3Efc/<y. 
77*12(0±|C. Idle. |$4fim®nSGaNf 1 
3. J?$5 0nm£>nin nGaN^il 4, 

KltLtSSl 5 0 nmOpSA 1 G a N* 1 5, J? 
$3 0flnm©plGaNil 6 #»* StltV*. n 
iGaNil 3l4*?y Kit LTt«K. 

[002 3] :hf)«nSGaNll3HplGaN 
1 1 6 * 2 X 1 0 17 c m-3(Di^^A5^* 

plAlGaNHSMplGaNll 6 ICS i 

[ 0 0 2 4 ] feS^firoS, plGaNil6Hnl 
I n G a Nl 1 4 ttiJi, nMG a Nil 3 fr&tiitZ 
tX'^vl-yf'Ztl. W<fc, lilJ^:Ei5@:S400n 
mWS i 0 2 ^1 7X»^ix5„ IDS i 0 2 Kl 7tf> 

&wm%\zJMm$.*fr, P aii 6ic»utau- 

Ni^l8A5. niil 3IC*ftTAl^l 9»»AH 

[002 5] EATlc, *- K 1 0 <DM5i*feo 

MfifltrJUlcRWI-*. r<o^7ty-<^— Ki 014, * 
fcia:frflt£Jiftfeftft& (MOCVD80 
ftlCfcOSiifLfc. fflV>fc^!4. JSmtf^fcLTTV 

(nh 3 ) . ->y> <siH 4 ) $.vmmtm% 

(C C 1 4 ) SrffiV>, y 7^ t LTtK^ (H 2 ) 
fi.tf£iSf (N 2 ) SrfflV^fc. *«^JSlS^t LT, h V 
/f^ifDDA ((CH 3 ) 3 Ga) TMGfc 
E1") , *f-frT)V*~?;Jx ( (CH 3 ) 3 A 1) 

(KT« TMAtSEt) , h9 tf-M^WM. ( (C 
H 3 ) 3 In) (£TF. TM I irEI") , 

( (CH 3 ) 2 Zn) (WT, DMZtK-T) , tT^v- 
^ n^v^i^3i=yW-r^->^A ( (C5 H5 ) 2 M 
g) (SIT. C P2 Mgtffii-) Srffi^Tt. 

[0 0 2 6] *M%», flfcft»&(J'iMa»cj:o 
Tft^tfccEl 1 aSr-±ifttfclMSft©*7 7W 
7SS1 lS:MOCVD36S©S*£:^|c«B$*vfcailf?R 
pTIB*f-fe^^±lciS*Lfc. ^J£t?H 2 SrlO 

L/^0«*-C«L4*P>, IBS10 5 O^X^l 0^ 
FbL t7 7 ^7S«l 1©-±I1 1 aSr^ffi^y^v 
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[0 02 7] fcic, t7r^f7lfii iSr5 l O'Cit? 
MU H 2 Sr 1 5 L/ft, N 2 Sr 5 L/ft, NH 3 Sr 
1 0 L/ft, MTMG Sr 2 5 c c /ftO&jSi;-? 6 ft 
TOi-^ilCi-DT, /<y7r® 1 2Sr^fifeLfc. 

[00 2 81.W:, t7 7 ^7Sfil lSrl 0 2 0t£ 
■C#fflB.O»flL, H 2 Sri 5L/^, N 2 Sr5L/ 
ft, NH 3 Sri OL/^ TMGSr2 5c c/i 1 0 
0 ppmros i H 4 Sri c c/ft, RtfCC 1 4 Sr5 c 
c/»©#«*-e6 0»«i-ri:K:J:oT, nlGaN 
|13l;MU. 

[0 0 2 9] fcd, *77-<t»ri iSrSOO'Cit? 
Pfct&L, H 2 Sr 5 L/ft, N 2 Sr 1 5 L/ft, NH 3 Sr 
10L/», TMGSr3cc/ft, TMISrlOOcc 
/ft, S i H 4 Sri c c/ft, DMZSrl 0 c c/ft, 
XtfC C 1 4 Sr 5 c. c /ft<o#»fcS-e 1 5 ftm-tz. t \c 
iot> nil nGaNil 4SrffMLfc« 

[0 0 3 0] fclc. f-7r^TStSl lSrl 0 20 < C£ 
T-MloftfiL, H 2 Sri 5 L/ft, N 2 Sr5L/ 
ft, NH 3 Sri 0 L/ft, TMGSr5 0 c c/ft, TM 
ASr 2 5 c c/ft. Cp 2 MgSr30c c/ft. CC 1 
4 Sr2 5 c c/ft, RXfS i H 4 SrO. 1 c c/ft©£ 
SE*t?5ftcS-f rile J: of. pg!A 1 G a Nil 5Sr 

[0031] jElt, f-^r-rrSfiSri 0 2 0"Cfcmfi 
LfcS*. H 2 Srl5L/ft, N 2 Sr5L/ft, NH 3 
Sri 0 L/#, TMGS-2 5 c c/ft, Cp 2 MgSr3 
0 c c/ft, CC 1 4 Sr5 c c/#, &tfS i H 4 Sr 
o. l c c/^itts^gSffitwtlcioT, 
pSGaNll6WU 0 rcQtailCCC 1 4 Sr/£* 

[0 0 3 2] TMG. Cp 2 MgMCCI 4 

©atH«r« 9 , H 2 Sr 1 5 L/ft. N 2 Sr 5 L/ft. £. 

iwh 3 Sri 0L/ft<D&m&vmu£tfb-ryT'(7 

£«1 lSr7 0 0t;*-e^?aLfc„ MIC. H 2 &tfNH 
3 SrSJ9, N 2 Sr5L/ftT-^t^dS^t7r-l'TS 
fil 1 Sr-tH^-hlcJfcfiU £fi*T*ftai,fc (B8 

[0 0 3 3] H 2 &tWH 3 Sr$J!J. N 2 (D^ 

lC-f5fiS(43 0 0 9 C£X±-ChZ^bfr&mx-h<9. 5 
0 0"CW±T-*)5^i:ASSt LV\ will**,**)**** 

ftfc» LT±i£ Lfc J: 9 &Kfi-c$j 0 **.«rfi;ofc»# 



®£ l o %«±#«ttft: $ ivc v * 5 r, £ a«M m L fc. 

[0 0 3 4] mm<om&mmt5o , x:/^uTx 

tt, #KA 1 ttDitfcflAX, W*.tfA 1 G a N^JC*5 

[0 0 3 5] ftiJ, gffi£T'l$i&-f-.5Bg©#*i LT 

i»«a*U^. He, Ar^Fgfet/^Srffl^SCli: 

[0 0 3 6] rco^ftigSr&sr fcT, ^Fttttrojgtt 
fk*Sr.lSj±S*5fc«>C^*i: e>*vct fclR7=-A4f 
©ISSr&BirL^fcSfc*. xm<OffiBS{kSr05r 

ltt&Ki-s*nft>tt||{>BI££fc4<-Ct 
5, MIC, »7=-A#©«ia«rB5J:9t*^iStt 
[k*Sr#5wias-e#5 0 

[0 0 3 7] fcic. ftflftXfcfttt¥WftiasiftftLfc 
f-^r-TTSSl lSrMOCVD$gfiA»?>*t)fflL, U- 
HfSrfflv^Cirl^toTv^^i: L, T/v*y^ 
20 0*jg»l£j:oTnSGaNll S^RUtt"**^:/ 
^V^L. p«f-*3girtfco CVDSEWcio 
f , Affiles i0 2 Rl 7Srifc-J4 0 0nm^J5)tL7t„ C 
roR|Cj;oT/f-#5i«|ffitBaiLfcp ng^jf-ffiftifi 

[0 0 3 8]&|:, S 1O2 Kl 7C*SX0ifttt*ffl 
l^-C. plGaNil 6*SiKll OOnmSro^Jl?, 
SfcnlGaNil 3 75*^ 1 0 0 » m 0 STEffi 
t5«t5K?LSr^riitt. cwftSrilLT. pSlie 
IcttLTftjl jxmfDAu-N iRl 8Sr, nSSl3lc 
M *fLT#J6 0 0nm<DAlRl 9Sr^fifcL, t-;^ 

[0 0 3 9] K 1 0 iCftfti*!© 

.^*E^li6Sl4 p!GaNll6 * ©M g Sa©^*5 1 x 

1 O20 c m -3-e*>t>. niGaNil3 t nflnGa 
Nil 4, SypiAlGaNil 5 S 
i, Zn, Mg©jRai42 X 1 0 19cm-3-C*)ofc. £ 
fc, nlGaNil3HplGaNil6Jtro#i 
1 I l^**t5@i*j8Sl±2 x l 0 17 cm -3-t» feofco 

[0 0 4 0] r««JcUT»l«S*Lfc*3t^*-Kl 
« 0Sr^3 5 O^m^W^t^T'^-VV^L-C, Xt^A 

-Lie^tfyk kl, yyy°itLft. cwipie 

2 0mAIC*fL-C2~3mWgSWJttii^S:t#5r 
T-t, »AtlB2 3?li»|B]«r3l8l^*ci:*J-e*fc. wit 

fflffi#WTt?*>5 J: 5 R«lro«ifc*r«"*-5«3fe 
^ KW#tt t itK L Ti^ 2 ~ 3 ffifcoiS] ± 1 1£ o r 

[0 0 4 1] rW^igfilCO^TIil X 1 0 16 C m-3 
so i>f,5xi O^cm-SSTCO^T-CtiS-C-ai^Ttfc 
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lets V>T*r til U *5l3tSig-e"feV^— *\ &iPa*JlB<D 
SB 1 4 9 > < 4 o fc. 9kJR^K*C% 

*3jt5fc»mtt. &fl?*sa s 5 x i o i6 c m-3^±-ea 

05X 1 ■0"cm-36)lT'C*)5ii* j a*U<, Xfctt 
^5H»S* 5 1X 1 0l7cm-3*»b3x 1 Ol7cm-33=T* 

[004 2] rr-Cli, ?8}fcl5rl nGaNICLfcif^ 
fcol^TiE^fcas, »3tl* s GaN, I n G a A 1 N"C 

Cfll 5 jft^W K 2 0 OVrEtr^i". 
10 0 4 3] »*^-f*- : K2 0Bc, ^77-f7£S2 
l«r*l>-C*5'9, -t«>tf:77<<7«S2 l±ic. 
6-&-Sr8fPi-5fc»l-G a NO/< y77i 2 2 # 5 0 n 

|C, HSIC, J? $ 3^mC0nSGa Nl 2 3, fJlOO 
nmOnIInGaNi3ti24, ^7yFl!:Uf 
$ 3 0 0 nmWplA lGaNi25, )fc!500nm 
OplGa NI2 6;4M*1£*VC^5„ 

[0044] #l<D^|fi#ljiSttWT<05i»)-C*)5. p 
!GaNl26 "CfiM g jftgA* l x 1 0 20 c S i 

ffiglil X 1 0 17 cm-3-C-fc3„ plA lGaNi2 5 
TMiMg iftSriS 2 X 1 0 W c m-3» S i gftli 1X10 
17cm _ 3-Ci>5„ nil nGaNl2 4"CI±S i # 

2 X 1 0 19 

c m 3 X Z n fflii 5 1 X 1 O'^cm 3-^£, 
5. nSGaNl2 3^WS iS*li2 X 1 0 19cm-3 

[0045] ^TK, *- K 2 0 roKjf^&O 

**fl*WKttWi-S. *T. BMfeJMtt«R 
i&Stwio-CifefrLfcaffi ( (1 1-20) ffi) 4r±B5fc 
Lfcl|«S*Of-7r'fT««2 lSrMOCVDSEOR 

jr. #JBEfH2 £ 1 0 L/£<0«»"CWLfca<e>, MM 
1 0 5 OlCCfcl 0#IH> *77-f7aH8 2 l©-±ffi 

[0 0 4 6] fled, f-7r-TTSffi2 1 Sr 5 1 0t*-C 
ftflLU H 2 £ 1 5 L/#, N 2 & 1 0 L/ft, NH 3 
&5L/#\ TMG5r2 5 c c/^(7)=g-^J:T-gfEl-ri: 
(CtoT, /<y7 7i 2 2&B&Ltc l , . 

[0 0 4 7] fled, t77^7S8t2 IS: 1 0 2 CCS 
•C#fiB.oi*aL, H 2 * 1 5 L/#, N 2 S:10L/ 
4h NH 3 £ 5 L/£. TMG & 2 5 c c /£, S i H 
4 ?r5cc/^#Ii-C6 0Mni:iaot, n 
iGaNl2 3«Ufc. 

[0 0 4 8] Jfell, *77-i*-TXR2 l£8 0 0t£T' 
ft&U H 2 tl0L/d, N 2 Sri 5L/». N-H 3 



70 

£5L/#» Mx?/I4f!l 7i» ( (C 2 H 5 ) 3 G 
a) (filT. TEGiEf) £3 c c/#, TMI £3 
0 c c/$h DMZSrl c c/tf, S i H 4 Sri c c/ 
»O#«*C3 0»«i-ri:feJ:oT, nllnGaN 
I2 45;i^Lfc t Crol^J&K^TWZnSs^li?! 

**fcil/T©ttWi:W*fc, WdWMtftMbrtS 

[0 04 9] DcK, f-77"f7g«2 1 «r 1 0 2 0t* 
■CjWLi.ofi»U H 2 *r 1 5 L/», N 2 *10L/ 
'» 55", NH3 £5L/#, TMG45 0cc/^ TMA 
4? 2 5 c c/£\ Cp 2 Mg£r50c c/ft\ S i H 4 
«r 1 c c /$06%ft-C 1 O^KStrtlClio-C, p 
!AlGaNi25 SrJ&fcLfc. 
[0 0 5 0] HK, *77^7Sfi2lS;10 20 , Clc: 
«U H 2 Sr 1 5 L/£, N 2 * 1 0 L/*h NH 3 
Sr 5 L/#, TMG£ 2 5 c c./£. Cp 2 Mg&10 
0 c c /$h S i H 4 £ 1 c c /#cD=g-jfEJ;-C 1 0 #g 
gjSK-t-rtlCioT, plGaNl2 6«Lfc, 
[0 0 5 1] TMG, Cp 2 Mg < SU ! SiH 

20 4^0, H 2 ?rl5L/^ N 2 ilOL/^ NH 3 
Sr5L/#cD«-gftSTijlELfc£i£, t77^7l«2 
l£8 0 CC^-CftfflLfc, *r©&. N 2 Srl0L/# 
*L4#&f-77^7^2 1***7* ±lwS*U 

[0052] mmmt&to^m&m&tfL&Ltz 

t77^7SiE2 1«:MOCVD8fA^©!)tiJU W 

<OtK^{SI-J:oT niG a NS 2 3i>mtiit^V^-y 
ryfL. tl-m&bLt:. Z<D'&, CVD^Klcio 
30 T, Affiles i0 2 K2 7Sri^2 0 0nm^Ufc, w 

10 0 5 31 9:1:, Si02R2 7l:M9ROtttttrffi 
V^T, pSGaN!2 6ji!il*)10 0(/mfiro7<f^ > 
*fcnSGaN!2 3#*<J1 2 0 pm*fl^ $t?Stai 
r3<fc5l::?L$rJ8fi£Ut. rw?LSriiLT, plGaN 
12 6lC*fLTi^2 /im<0Au-N i^2 8Sr, nSl 

2 3t#L-Cttl/imOAl-TiBt2 9 4r3^J*U * 

« [0054] £©*5CLT»jfc3ftfc»*^<<J*--K 
2 0S-*il3 5 0MmAcD^:#$-e^-»'^LT x ^7 

CUT»*$ftt**^*-K2 0tt. *3t3MCt33 

y^T K 1 0 1 H&K0tttt** Lfc 0 
[0 0 5 5] !i>A»5«3t/W*- K2 0»C*J^T, 
WroigT?fe5plGaNl2 6SypiAl GaNl 
2 5 HiJtt 5 S i jR£li±i£ Lfcil 9 , t >i* HOI f, 2 
X10 17 cm-3fJ)ofc. :©j8Sl:fc^TplGaN 
so 12 eRT^pMAl GaN|2 5 
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, ffc^ft^jSl-sria^-efcofc. ;c 

i^tdyf-^^jJtpltg-cfcofcjRSlll x i o is cm 
-3£U:ft&gi Lfco S i l±*3fe K-*--tt(05FiW 

^26X^1 GaNl2 5^nMlcmb$-B:TLip 

fcpS©*"lr!JT»§»«l x 1 0 18cm-3"C*>6rt*» 
fe. S i«g*S8X 1 0l7 C m-3£iT-e»4n SlCgCS 

5X 1 0 17 cm-3^TT-Sb5rt*5g^ t<. 5X10 
16cm-3W±5 X 1 0l 7 cm- 3 £*T<O»£t?*>5wi# 

[0056] (m3oniiico^ji) easa^nonrs 

roHJS»Jg«lt«5«3ty-r^— K3 OOBrBft^-f-. 
**^'f rt— K 3 0 14. ItilttO A 1 N£& 3 1 ft^L 
T*S«9, 1 NStS3 l±IC. KSt. ff$4^mO 

nlAlGaN|33, filO OnmWnSG a N?g 
3tl3 4, ^5 •/ Kit Uf $ 3 0 0 nmOplA 1 
GaN«35, f$500nmOpSGaNi36iia 
!$ft-O>3 0 Sfc, nSA 1 Nf3 3 J&»b pSG a N 
m 3 6S-?0*JlfettMW 1X10 18 c m-3^*$ 

[0 0 5 7] KTt. »*^*-K3 0OKi*fero 

&glw,fco-Ci£# LfcA l NSS3 1 SrMOCVDgl 

b, iES 1 0 5 OtTiS) 1 0^W. A 1 Ng«<D-±B 
ftfctt^s^V^Lfc. 

[0 0 5 8] fcfc, AlNSfi3 1$:1 0 0 0'CStft 
iU.o(RaU H 2 ftl5L/ft % N 2 ftl0L/#. 
NH 3 ft5L/#, TMAft2 5cc/:9\ TMGft 5 
0cc/», SiH 4 ftlcc/5K 0. l%lCftf?L 
(0 2 ) ft2 0 c c/»0#«ft6 0^ffii"r 
fc (C.J; oT, nlAlGaN!33 ftff^fijc Lfc. 

[0 0 5 9] fcfc, AlNHSaifelOOOlCCW* 
Lit**. H 2 *r 1 0 L/fc, N 2 ft 1 5 NH 3 

ft5L/$h TEGft3cc/£\ DMZ^lOcc 
/£. S i H 4 * 1 c c/#, ft«RLfcK^0 2 ft3 0 
0 c c/^#»it?4Mtri:i;j;ot 1 n§Ga 

Ni3 4«Lfc 0 

[0 0 6 0] friz, AlNSffifclOOOWfcfiU 
H 2 41 5L/», N 2 NH 3 ft5L/ 

TMGft 5 0 c c TMAjr 2 5 c c C 
p 2 Mgft 1 0 0c c/#\ #&Lfc0 2 4 2 0 0 c c 
/»w#«*-e5»M«-j-rfcn:j:o-c, plAiGa 
NS3 5ftff2/£Lfc 0 

[00 6 1] MIC. AINSSftlOOO'ClcGUaLfc 
4*. H 2 Srl 5L/», N 2 fc 1 0 L/£. NH 3 ft 



(7) 

5L/$h TMG=Sr50ccA Cp 2 Mgft3 0c 
c/#, *IRUfc0 2 ft2 0 0 c c/^W=&at4-C?2 0 
^■eS«tci-r itioT, pSGaNS3 6ftJ&£L 

[00 6 2] Z<0'&, AlN&K3 1&9 0 0'C£-?ft 
11. ^EEfNHa ft 1 0 L/3\ N 2 ft 1 0 L/ft<D 

•3Rft*«^»#ia»rtftLfcA 1 NXS3 1 ftMOC 

VD8*a»fe*9tau fcicio 

10 T^^fcU 7**!)3fiO*»J!KJ:oXnaAIG 
aNl3 3imiH-fi*Vx.yf->irL > >lHKt&L 
ft, *<D& y CVDjSittot, *ffiKS i0 2 !3 
7ftiK)3 0 0nm^fifeLt. £ <DK»C ±oT^ 

siesta tfc p n mtfimaso 9 - * wMtam $ 

ft, **0>9SfcttimZti&. 
[0 0 6 3] »ct, S i0 2 K3 7lC*ftX0>£tt*ffl 
HT, pfiGiN|36^100MmA^t^, 
SfcnlA 1 GaNl33^1 00 w m*iO^Jt? 
BW1-3J:5U?Lft^fifcU5:. rojLftil LT, plG 

20 aNl36|:*fLTiS2/imtf)Au-Nil38Sr; n 
SAlGaN|33 left UT» 1 u m<DA 1 flt 3 9 ftfl£ 

[0 0 6 4] C©i$fcLT#J**ftfc»#^*--K 

3 0*ISl4 0 0((mftm*tS-e^^LT l 

[0 0 6 5] *»*»5»3tyw*~K3 0li*5V*-C#Jf <0 ' 
so :TF*E»8*l4paGaNl3 6«f<OMgj8ftroJ>.i6SlX 
1 O20 C m-3-C*)0, nlAl GaNi3 3^6plA 
1 GaNl3 5S-?&££Ji3S i , Zn,Mgggl4 
2X1 0l9c m-3t?*>ofc. *fc, *%*<DjeMBrottft 
■C*5**»*tt±jeLfcltl X 1 0 18 cm -3ft^tf 1 
X 1 Ol8cm-3*»b I X 1 0 20cm-3*-CO«ttfiT*JH 

CW©llJ;t9 t>#v^lci4. ss«rt-e««-#-s»ix^ 
$>5fcfe, «««)if^tttlBWi*4C5. rottti 

40 X 1 0 18 c m-3*> 0 1 X 1 0 19 c m"3(OKlSSIS^>*i'^ 
C 16**4- i LTW<fe<«ftt>K5±Lfc. 
[0066] (»4 0£ttro»ffi) G9 4 14#36W<7>S& 4 
©SE»0»ffiK«5«*^-f K4 Orotgfffift^-r,, 
»*^*-K4 0l4, t7r^7lfil lft^TLTfc 
9. r-fT£«l 10-ii±K, t&^S^- 

ftSfnf5fc>!>tC^5'7rS4 2*!5 0nm©fJTi 

4 n mOnS/G aNi4 3. Jf $ 5 0 nmflnil nG 
aN^Jt®4 4, ?7s/KitUS§150nmfflp 

so iAlGaNl45. S$300nm(OplGaNi4 
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®I nGaN!4 5lCli, £**S?aS5X 1 0 18 cm -3 

[0 0 6 7] nIUGaN|4 
4*>5)plGaNi46ttA!, riMG a N« 4 3 #R 

a-r-s^T-^j/^v/^tt. iiis^ffi/isi?$4 

0 0 nm<7>S i 0 2 K4 7T'S;btl5„ 1«S i O2 
4 7 0£K&V&lCJlJqME£Jt. pSS4 6IC»fC 
Au-Nii48ii, nll4 3(C*fU"CA1^4 9^ 

10 0 6 8] »Tfc. *- K 4 0 OSijg^ffiW 

lSrM0CVDgfiOS^»w«B$tV3tJD 
lftTO*-!ME7*±K:»»Lfc. fcK, #ffi-pH 2 Sr2 
0L/#<oisft*-CijELfc;isib, JB.lt 1 1 0 otT^ 1 0 
ftftV t77'fTSfil lSrStfUu/^V^Lfc,, 
[0 0 6 9] fcfc, t7 7 ^7Sfil l«r5 0 0'C4T- 
&}&U H 2 Sri 5L/^ N 2 Sri OL/», NH 3 
Sr5L/#\ TMGi2 5cc/^ TMASr40cc 
/^ro^jfES^gft-t-wtl-ioT, ^?7 7i4 2W 

[0 0 7 0] ftK, t77^7SSl 15:1 0 2 O'C* 
T-#Mfifl.o«JfiU H 2 Sr2 0 L/$h N 2 Sr 1 0 L/ 
#\ NH 3 Sri 0 L/#\ TMGSr 2 5 c c/#, S i 
H 4 Srl c c/^©#iSEl;T-6 0»St[-rri:JwJ;oT. 
nlGaN!4 3Sr»J*Lfc. 

[00 7 1] t77^7S«l lSr800t£-t? 
P$iB.L s H 2 Sr2 0L/#. N 2 Sri 5 L/#, NH 3 
Sri 0L/#, TEGSr3 c TMISr30 c c 

/$h DMZSrl c c/#» S iH 4 Sri c c/#<D# 
gfEJt-C 1 5^-fwtlCj;oTnSl nGaNl4 4 Sr 

[0 0 7 2] fclc:. t77^7lfil lSrl 0 2 0t£ 
"C#iBL» «ffiLfc#f§l?, H 2 Sri 5L/^ N 2 Sr 
1 0 L/#\ NH 3 Sri 0 L/#. TMGSr 5 0 c c/ 
#\ TMASr25cc/#, Cp 2 MgSr30cc/ 

S i H 4 SrO. 1 C c/»(D«tf5«t: 
ilCfco-C. plA 1 Ga NJI4 5Sr^Lfc. 

[00 7 3] Hz. t77-f7SSl lSrl 0 20 < CtC 
(SffiLfc* * , H 2 Sr 1 5 h/Ht, N 2 Sr 1 0 L/#, 
NH 3 Sri OL/». TMGSr 5 0 c c/:8\ Cp 2 M 
gSrl 0 0 c c/#\ S i H 4 SrO. 1 c c /#<7)#j5fc 
ft"?5#S*«rt"wfcl-J:oT, P SGaNJl4 6Sr^ 
(fcLfc, ±EpSAl GaNS4 5STJ t P®GaN®4 
6 <Dfifcft-?ttJg 2 roHlgW^JiTiE^fci y^yfO® 
$,&OlZtb[CS i SrSsJjnufc. 

[0 0 7 4] t77^f7SSl lSr8 0 0TC£ 

•CfcfiU Sm-CN 2 Sri OL/frffiLte&bV-t?? 



i4 

7>f7SSl lSrMOCVDgB*»P)»"9ajL, CVD 
gRICfcoT, affiles i 0 2 K4 7Srfa4 0 0 nm7£ 
fi&Lfc. r.OS i 0 2 K4 7Sr-^^^ t LT, JifcuflE 
jStt-Y^-^s/^V^tt (RIEtt) lUo-CnlGa 
N«4 3^8aH-54-C*5'^v^L, 4: L 

fc„ r<DS i0 2 R4 7{C*K^(7)^iR^fflV^T % .pi 
GaN|4 6#ftl 0 0/imAO*t*-e»ffli-5J:5 
K7L«r»*Lfc. r<D?LSrfflLT. P S« 4 6 LT 
mi jmfflAu-N i IR4 8SrJ&fi£U Sfcnli4 3 
10 K#LTifc6 OOnmWA 1 Jg4 9SrJ&£U 

[0075] r©J:5ltL-c»*Sixfc*jte^*-K 
4 0SriK)3 5 0Mm^ro7<t$T^-<v'V^tfc^, 7 

4"0Ki8^Ttt, Jfeiafc^fca*^ tf— K 1 0 irPlS 

[00 7 6] ^2>^)t^-Y^--K4 Ot-fcltS^SW 
pSGaNi46 <P<OM g »g<D^.*S 1 X 
1 O20 c m-3f foO, n!GaNi43HpSAlG 
20 a Nl4 5^TiC^SJl,?)S i /Z n, MgjSaii2 X 
1 Ol9cm-3-Cfoofc. *Slroift*5nI 
GaNi43SynII n G a N® 4 4 K£*;h,5zk* 
)RS5X 1 O^cm-S-CfcS^, 3X10l8 C m- 3 ^b 
1 X 1 o20 cm - 3 £T?<D®i£-t\ piAlGaNl45 
&tfp SG a Nl 4 6 A>e>tf>M g Offit&SrftlftJ-f 5 r k 
jJ5-?#fc„ rniU'>^V^JC(±. tiH4 3Sy4 
4~<DMg<Oft8casgL<, rft&oBMlMtSMM-J: 

7*gttfc<DHHi:fto;ft: 0 tot, 7K««S/J5-hlE(0 
©ffl 3 X 1 0 18 c m-3*» 5> 1 X 1 0 20 c m~3-Cfe 5 £K 
i?*>5. Hl-S*t<li, 3x 1 0 18cm-3a»bl x 1 

[00 7 7] (ft 5 OXttOflftM B 5 5 

% 5 tomteoW&VlM Ltc 4 oroHJfeo^lli t * t < 
^/.CS^IiStglcS i CSrftfflLfc^-CfcS. 
40 **»;JlK*jrt5±fc5'FI6*Ht, S i C&E5 l^N 
(2*) , nlG a NS 5 3 # S i , nllnGaNS 
3t®5 4*SS ijyZn. ^7yKi-Cfc5plA lG 
aNi5 5MplGaNf5 6«SMg-Cfc5, rtub 

<oasicov>ri±, Jb^4oro3HSrojg|gt|i]«, nl 

I nG a N15 44 3 OZ n, pf A 1 GaN§5 5t<0 
Mgl;:o^TI;i2x l 0 I 9 c m-3T?*) t) , plGaNl 
5 6^(OMglCOVNTIil x l o20 C m-3-Cfe5. * 
fc, SitCoV^T'li. nIi53atf54tlX10l9 
cm-3mS, pS®5 5&W5 6-C8 x l 0 16 C m-3"C 
so fc5. *«)iC^««tUTIi, n!GaNS5 3A»f) 
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plG a Ni 5 6 S 1X10 18 c 
m-3, WtXftl X 1 0l8cm-3^tnTV^5. 
[0 0 7 8] Mit#&lCo^TI4. dilSTife^Tt/c 
4oroHlfeW^ffitPtRlCMOCVDteSrfflV^. I© 
**ro»»-c fc* i 2 ogtto&C t PWtoSft* 

Kl OiifctfcLT. «***Kov>T«2 

fc. 

[0 0 7 91 me <r>-$m,<nwt%) m 6 it*%*fi<r>% 6 
<r>%%<nnWiZ% 5 u— if y-f tf- K 6 0 ©BrESr* 
-f. v—ftf^Hr- K6 0I4, •f-7T'TrS«6 I** 
LT*J0, *<0*7T'fT»R±6 llcNUC. J¥$5 0 
nm<0GaN^5'77i6 2, fS2(i mCnlG a N 
16 3. IJ500nmOnlAlGaN (A 1 0>$B.j£ 
ttO. 3) 164. SSl0Onm©7yK-7'GaN 
165. f$5 00nmro P SAlGaN (A 1 WW 
JtO. 3) §66, fS300nm(0plGaN§67 

[0 0 8 0] -ixP)(D=§-l(0^iN6^!8Sli, nlGaN 
16 3t?l4S i^2Xl 0 19 c m-lRriM g ft 5 X 1 0 
16c m-3, nMA 1 Ga N16 4-CliS i ^2 X 1 0 19 
cra-3MMgi!8X10l 6 cm-3. 7VK-/GaN 

16 5-CI4Mg#l X 1 Ol7 C m-3. plAlGaNi 
6 6 T'I4M g ft 3 X 1 0 19 c m" 3 , plG a Nl 6 7 
I4M g ft 1 X 1 0 20 c m-3-?fe5. 

[0 0 8 1] ro^co«tii*)£iirtt*-e^L.T#fc 

JHtOJBttfcmttlifTofc. nSGaNi63H7y 
K-7G a Nl 6 5 £ W#lKI4¥£fc»l&^J5£<Ofc 

lilXl 0l 5 cm -3 ~l X 1 Ol 7 cm - 3-e^S:*5£e,tv 

fc„ :W o <J>fcv*»£lci4 e>ftfc*»o 
fc„ rtiJ;*)#v>l-g-li*3V^Tl4nS!l-cii*-v 

m&\t 1 X 1 0 I 5 c m"3~ 1 X 1 0 I 7 c m~Hm^, 
1X1 Ol 6 cm _ 3~l X 1 017 cm-3<DWl!&-Qh5Zb 
ftH.$.L\/\ 

[0082] mi onmcDwm ® 7 <»% 7 

©**©»IBt«5«*^ K 7 0 <0»rB£*f . 
JB*^<<3*— K7 0I4, aS ( (11-20) S) 

H«*l±>7r'fT*«7 1*»f>IBlr. GaN^y7 7 

17 2, Zn K—^G a Nl 7 3, S i K-^nlGa 
N17 4, nil nGaNMi75, Mg K-^pI 
AlGaNl76, Mg K-^pSG a Nl 7 7T?*> 
5. 

[0 0 8 3] GaN/<;>7rl7 2liJ?£d50. 1 n m 
T-fc>5, ^7 7^7gffiiGaNli:«0te^fi£i£ 
t8¥D1-5fc»lifc5. Ga N17 3li/?$*50. 3 /i m 



75 

TbfclwZ nSr®5DLT^.5 0 ZnWlIttlxlO l5 c 
m _3 ~ l x 1 0 17 c m _ 3^aS-e. 1 X 1 0 I 5 c m _3 ~ 
3 X 1 Ortcm-lO&feVhZZtftm*. U\ SiK 
-7 P nMGaNl7 4l4)?$iSi4MniT'i)'9. JgJtlti 

If 7 7 ^ 7 £ ffl ^ T ^ 5 I :: x y 1" y 1 C £ o T n S 

l«rHas**rt*itt<te><c^fc», 17 4i4J?*lcl* 
ffiLT^So l7 4W^+!J7igSli2Xl0 18 cm -3 

[008 4] nil nGa N 38 ft! 7 5&W.£ft0. 3 
n mffcS. 3S)fc«ift«:,4 5 OnmSfil^W 

5fc», I n 0iNU£ltl4 6 1£(C|4, S i i Z 

nttl^fcasAOL-CVS. I nl&J5£Sr3 0%SS^f 
±tffc»£KI4S i©**asap-f5wi:T?jB*»fi«rll 

[0 0 8 5] Mg K-rpSAl GaNi76llfJ«S 
0. 2/imT*fc»), »jyiKE7LSraX-f5»#* + 

3, St, a i oiafi&jttco^Ttt, m+n*-'*-? 

S** !) T fig Sr«t»-T 3 fc iz&m&ittt'b Z^Uft 
S*U\ rft^-feftroS^J: 1 ?, A 1 comfifcittt 

{4 1 0 & 2 0 %©hk*>5 r t ft a o a* u\, 

[008 6] Mg K-y P SGaNl7 7I4J?£#0. 
2umtfc!), A 1 GaNl7 6 -CI4&& S 

. *>5. *r!J7figl41 x 1 0l8cm-3jW±mS*)5w 
*#a*L<. rr-C > l42X10l8cm-3i:KSLfc„ 

30 *fc, pMl7 6SU^7 7|C|4^s'^^^c7)^a«:#* 
US i £?Si;85jJ0Lfc„ 

[0087] t-5y?tSfc LTI4. p nS*©I± 
l£N i 2 0 nm, Au 3 0 0 nm(Ofl(lffijg7 8 fcffMi 

Lfc&. jHVt^ V^ffli: LTllCT i 5 Onm. Au 
2/imO«!1Sii7 9Sr^Lfc. IWt^iM^ 
*-K7 0l£*3^-a4 2 0mAt2 c dg£(0»££^ 
Lit. 

[008 8] *«9,tt±e£lK0JgttK:R£&iia t>© 
40 T-I4ft<, t©±e«rJfcRUj:vWca***tT3l 

. liS-rSwfcjis-ets. ±esafco»tt-ci4*3t* : 5F-to 
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[Hi] **W©JBioSI*o»«t«S»3t*^©lll 
jt»rffiB. 

IB 2 1 **W©IB2©3tlt©}gtit«5»3t» : fo* 
i&KrSH. 

[113) *»W©JB3©**©»«tfll5*3t*?-0«l 

IB 4] **W©I! 4 «)jtlS©»«t«5*3tJ||^©* 
JSKfflnB. 

IB 5] *58M<D^5OS16©^lilw^5|l3t*^-<0« 
itWrEB. 

IB 6] *%n0£6O^0»tttt*S«%*?-«>«| 




IB 7] **W©|g7©||16ojgffi|w«35B3t*^-©« 
itirffiB. 

IB 8] *5IMro«i©llte<o^«8lw«5»3tig^©K 

11, 2 1, 6 1. 7 l-H-77-f TS«. 3 1-Al 
NSfi. 5 1-SiCStE, 12. 22. 42. 62. 
7 2-/<y7rI, 1 3. 2 3. 4 3. 5 3. 6 3. 7 
io 4-nlGaNi, 33-AlGaNl. 14. 2 4. 
4 4. 54. 7 5-nIInGaN8Jti, 34-Ga 
N383t*. 15. 25. 35. 45, 55, 66. 76 
■•■pfiAlCaNi. 1 6, 2 6. 3 6, 4 6, 5 6, 
67, 7 7-pHGaNJg. 6 4-nfiAIGaNl, 
6 5-7f K-^GaNl, 7 3-Z n K-7*G a N 
1. 
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-26= PEG a N« 
25:PfiAIGaNJi 



: | s a M-nfll nGaNI&fcH 
_/-23 : nffiGa(M» 



: -22:GaNMv^F« 
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-42= 
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56- PfflGaNH 
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_>-79:Tr/AuTO 
him ^^ VsrNi/AuM 
■74-nfiGaNJi 
73^ZnK-^GaNli 
72:GaN/^--/3?pJi 



68-SIOi M 
67 : PfiGaNH 
66-PMA I GaNfg 
■~65:P>H-7GaN» 
64-nSAI GaN« 




^nSGaNS 
J® 

4-61: 



1 0 20T^ 



7 0ot:p 



(H. ) 



(N. ) 



(NH» ) 



fTMG 

S ( H* . 
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l CDe Ms/ | 
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[SUB] «13¥lfll6B (2001. 1. 1 
6) 

[**MfcE 1 ] 
[«]E*t**£4] 

£5 

*W3&7cj£ft7S»ib 2ft7cfi£^o^«rfL«)5tfe, 
1X1 0 15 cm _3 ~l X 1 O^cm-^v^v-iyAf 
L< 14 1 X 1 0 l g c m"3~ 1 x l 0 I 7 c ra _ 3rogf&£'£ 

KllEft&JIfcSfcfc, 1 x l 0 16 C m _3 ~5 X l 0l ? c 
m-3roiK^, 1 X 1 0 18 c m -3~ 1 X 1 0 20 c m -3(D& 
31, 1 X 1 0 i6 c m" 3 ~ 1 X 1 0 I 8 c m -3 <7)-fe ^ 
Kliix 1 Ol6 C m- 3 ~l X 1 0l 8 cm- 3 eDfi!t!t£-& 

3, pffl*L<ltiffl©«fl:*3Rfl:*tt*>e>453^L* 
«r^l-i-3fc», 1 X l 0 16 C m-3~8 X 1 0l7 C m 
Bo 



taSSiltJBlftO 5 * 2 L, SSI** 
*K«s«*BJ«JHr J: 5 «ft * titz n L < 14 i mom 

pS*L< 14 i SoftfcfltiRft**a>e>ft 
0, ME* 1 ffFES&2¥i*{*BW»P>(0^ 
*i/-*A<0t£1R£EiiH-5;fctf>, 3xi0l8 C m- 3 ~l 
x i o20 C m-3ro**Sr**i-5-r fc«r»»i:1-Sfl:* 

IX l O l6 rm -3~Fix i n!7 rm -3^ 
1X1 O l8 cm -3 ~lXl Q 20 cm -3g)^ i t 
X 1 Ql6 C m-3 ~l X 1 Q l8cm- 3(D-feUy, ^=L<I4 
1X1_0 16 c m- 3-^ 1 X 1 0 18 c m -3 <S>gtirfra- 

LMaaiSML 3j ^4gir£&&£Effi 

Sfcft. 1 X 1 Q l6 cm -3 ^ 8X l Q l7cm-3<0^3B.» 

tcfriTffig*ftfc%2*ytftiiS £¥(cJiffiL. amp* 
2**^tf^*^»A»*» ^a a g3BL<fcn« 

ft. 3 X 1 Q l8 C m-3 ~l X 1 O 20 c m -3 g>^at»-»<r 
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